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ATMOSPHERICAL AIR. n 

1.35 meafures, and on the 2d of September, when I per- 
ceived that the diminution would proceed no farther, it 
was 1. 14 which, though confiderable, was far fhort of 
the diminution produced by an equal bulk of nitrous 
air. 

Though, in the experiments recited above with the cal- 
cined bones, and the Jieel^ neither of thefe fubftances ap- 
peared to have loft any weight that I was able to afcer- 
tain, it does not follow that nothing was emitted from 
them. For light and heat are almoft univerfally allowed to 
ht fubftances , though no perfon has been ableto weigh them. 
Befides the quantity of the materials that I made ufe of 
might be too fmall for the purpofe. What is moft im- 
portant in the experiments is that, fmce the diminution 
of the air was efFedted by heating thofe fubftances, and 
they did not gain any weight in the procefs, the phlo- 
giftication of air is not the abforption of any part of it by 
the fubftance which produces that efFeft, as the antiphlo- 
giftic theory fuppofes. 



N^ II. 

Farther Experiments relating to the Generation of Air 
from Watery by Rev. Dr. J. Priestley. 

ReadFeb.TNa latc publication, containing an account of 
19, 1796. Jl fome experiments relating to the generation of 
air from ivater^ I mentioned three different procefles in 
which air was produced from the fame water, without 
any perceivable limit. 

The firft procefs was converting the whole of a quan- 
tity of water into fteam, In the common method of boil- 
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12 ANALYSIS OF 

ing ; when I found that, though the water had been 
boiicd ever fo long, or ever fo often, air continued to be 
produced from it. 

In order to obviate the objedtion to the water ha- 
ving imbibed the air from the atmofphere, in a fe- 
cond procefs I put the water on which 1 operated into 
long glafs tubes, over a column of mercury ; and after 
producing air by keeping the upper part of the tube con^- 
taining the water a long time in the form of vapour, I 
let out the air fo procured under mercury, by which 
means the water never came into any conta<fl with the 
air of the atmofphere, and yet it continued to yield air 
whenever the procefs was repeated, without any per- 
ceivable diminution, or limit. 

In the third procefs, no heat was ufed, but the water 
was put into a glafs vefTel confifting of a large bulb, 
connected with a tube the full length of a barometer, a 
quantity of mercury fufficient to fill the tube being put 
into it along with the water, and then inverted, and 
placed in a bafon of mercury. By this means the prefllire 
of the atmofphere was removed from the water, and thus 
the air naturally contained in it efcaped, and lodged on 
the furface of the water; and by inverting the veffel 
again, it was thrown out into the open air. This pro- 
cefs I kept repeating with the fame water more than a 
year, and yet, as in the former proceffes, I found frefh 
air always produced from it, and feemingly in an equable 
manner. 

It has been faid that, in this procefs, the water, de- 
prived of all air, inftantly feizes upon fome the moment 
that the newly extricated air is thrown out, the furface 
of the water in the tube being then, though but for a 
moment, expofed to the atmofphere. But this fuppofed 
eager attradion of air by the water would have made it 
to abforb the newly produced air, if not in its rarified 
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ftate on the furface of the water, yet when it was con- 
denfed, on inverting the tube, during the time that it 
was pafling the whole length of the tube, as readily as 
frefh air from the atmofphere. Befides, it requires a 
confiderable time before the water thus deprived of all 
air will abforb that which has been produced, or extri- 
cated, from it, when the vefTel is inclined, and con- 
fequently the prefllire of the atmofphere removed. 

Alfo, in order to obviate this objedlion, I kept the 
extremity of the tube carefully covered with my finger 
all the time that it was inverted till the moment that the 
air muft be let out, and mercury put in, fo that it was 
not expofed to the atmofphere fo much as the tenth of a 
fecond ; and yet 1 found repeatedly, that the air was pro- 
duced as readily as when it had been expofed to the at- 
mofphere (^as 1 fometimes purpofely did it) feveral 
minutes. 

1 would farther obferve, that, in this procefs, if the 
veflel containing the water and mercury be inverted, and 
a vacuum appear, as it inftantly will, in the form of a 
bubble, for ever fo fhort a time, a perceivable bubble of 
permanent air will be produced. I do not therefore fee 
but that, by means probably of heat, air is producible 
from the fame water without any limit. 

In order to make any quantity of water as free from 
air as poflible, agitation is ncceflary. But when by the 
frequent repetition of this procefs the greateft efFed; has 
been produced, and the air, or vapour, has remained 
long upon the water, agitation will dimlnifh it, part of 
the newly generated air being imperfedly formed, and 
more readily imbibed by the water than that which had 
been a longer time in the ftate of air. This diminution 
of the bulk of a bubble of air by agitation appears to 
be the moft certain tefl: of as perfect an extrication 
of air from water as carv be attained. But even after 
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this, whenever the bubble of air is let out, and the 
vcflel is inverted, another bubble is inftantly formed, 
fometimes indefed fo fniall as not to be vifible to the 
naked eye, but always by means of a magnifying glafs, 
and this very fmall quantity will not be abforbed by the 
water till the veflel has been laid in an inclined poiition 
fome hours. If the veffel be placed perpendicularly, the 
bubble will come to be of a confiderable (ize. Still how- 
ever it will not increafe beyond a certain quantity, 
though it remain in that poiition ever fo long. 

I have tried every method that I could think of to de- 
prive water of its power of producing air, but without 
efFed:. Heat I found of no ufe but to aflift in expelling 
the air originally contained in it, and freezing had no 
more efFeft than heat. 

When I publifhed the pamphlet above mentioned I 
had not procured from water any other kind of air than 
fuch as was, in a greater or lefs degree, purer than that 
of the atmofphere, and therefore I imagined that this 
might have been the origin of all the air in the atmo- 
fphere. But I have lince found that though the firft 
quantity of air that is expelled from water is much purer 
than that of the atmofphere, the next is lefs pure, and at 
laft it is wholly phlogifticated. This I could not difcover 
while I made ufe of fmall bulbs ', but when I ufed large 
ones, containing from fifty to an hundred ounces of 
water, it was afcertained with the greateft certainty. 
From this fad it may be inferred, either that the air pro- 
duced from water is not that which had been imbibed 
from the atmofphere, or that, though it imbibes moft 
readily that which is the pureft, it retains with the great- 
eft obftinacy that which is leaft pure, which is analogous 
to other chemical affinities. If the air thus produced be 
really generated from the water, or rather vapour, it muft 
be wholly phlogifticated, and afterwards purified by the 

procefs 
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procefs of vegetation ; or the phlogifticated part alone of 
the atmofphere may have had that origin, and the de~ 
phlogifticated part have come from vegetation. 

1 once thought that a very fmall quantity of any of the 
aa'c/s enabled water to yield more air than it vv^ould do 
without them, and while I ufed only fmall bulbs, I con- 
tinued to think fo ; but when I ufed the larger vefTels 
above mentioned, I could not perceive any fenfible 
difference in the refults in confequence of this cir- 
cumftance. 

The quantity of air extricated from diftilled water 
before the production becomes equable is about one for- 
tieth of its bulk. 

Wilhing to leave nothing undone that I was capable 
of doing with refpe£t to this courle of experiments, I 
have, fmce the publication of the tradt above mentioned, 
endeavoured to convert the whole of a fmall quantity of 
water into air, but it has been without efre(9:. Having 
provided barometer tubes with bulbs connected with 
them, from one inch to three inches in diameter, I firft 
put into them a fmall quantity of water, and then filling 
them with mercury, left them fome time with the orifices 
of the tubes upwards, in order to give the water an 
opportunity to rife to the top. I then inverted them, 
when after fome time a very fmall quantity of water 
would be vifible on the furface of the mercury in the tube, 
and the vapour arifing from it in vacuo would, of courfe, 
be difFufed through the whole of the bulb above it. 
After this, inclining the veffel, and making it lean over 
a fire, that fmall quantity of water was wholly converted 
into vapour, fo as to caufe the mercury to defcend, and 
leave both the whole of the bulb, and part of the tube, 
filled with hot vapour, and in this ftate I kept it feveral 
hours. After this I always found a quantity of air pro- 
duced, and this I threw out, by inverting the veflel. 

Then 
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Then expofing it again to the lieat, I never fiiiled to ge . 
more air ; and having done this, in fome cafes, not lefs 
than twenty or thirty times, I was fatisfied that even the 
fmalleft quantity of water will never ceafe to yield air, 
and in feveral cafes I have by this means procured more 
air than the bulk of the water. 

As fome water would neceffarily infmuate itfelf between 
the mercury and the glafs, 1 expofed almoft the whole 
of the tube containing the mercury to the heat ; by this 
means converting that water into vapour, and making it 
afcend to the top of the mercury ; then throwing out 
both the water and the air produced from it again and 
again, I at length found nothing but air above the mer- 
cury. Still, however, the whole of the water was not 
converted into air. For when, by means of heat, the 
mercury was made to defcend, the water which had been 
confined between the merrnry and the glafs made its ap- 
pearance, though by the afcent of the mercury it would 
again difappear. 

1 have alio found that when there was any fenfible quan- 
tity of water above the mercury, and have expofed it to heat 
day after day, the quantity of air, in this cafe as well as 
the preceding without heat, came to a maximum, and no 
repetitions of the procefs would increafe it. This induces 
me to conclude that the longeft continuance of any quan- 
tity of water in the ftate of vapour would not convert it 
into air. It may, however, be worth while, if there 
fhould be an opportunity of doing it without much cx- 
pence, to make the experiment. 

The pureft diftilled water fhould be ufed in thefe ex- 
periments. Inftead of this, 1 once ufed pump water; 
but found that, after the production of air was advanced 
to its maximum, it began to yield a confiderable quantity, 
at leaft ten times more than it had done before, at the 
fame time becoming a little turbid. But when it was 
4 clear, 
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clear, it ftill yielded much more air than diflilled water. 
Probably fome calcareous matter diflblvcd in the water 
was decompofed in this procefs, and the air contained in 
it had increafed the bulk of that which had been produced 
by means of the water. 

Having, in the manner above mentioned, found an 
eafy method of expelling fiom a quantity of water all the 
air contained in it, I wifhed to know what would be the 
refult of making it imbibe different kinds, and various 
mixtures, of air. I had before found that water deprived 
of its air by boiling would imbibe any kind of air, and 
that when this air was again expelled by heat, the quality 
of it was not changed ; but I could now both expel the air 
more effedlually, and make it imbibe any particular kind 
of air with more certainty and expedition. For this 
purpofe, having fiift expelled the air, by removing the 
preflure of the atmofphere in the manner defcribed 
above, I inclined the veffel, laying it in a pofition nearly 
horizontal, with the end of the tube immerfed in a bafon 
of mercury ; and then having introduced the air that I 
wifhed it to imbibe, I genjtly agitated the veffel, and the 
preffure of the atmofphere being now removed, the water 
would pretty foon faturate itfelf with the air. After this, 
the veffel being placed upright, the air which it had im- 
bibed was prefently difcharged, without any application 
of heat. 

In this method, beginning with atmofpherical air, 
which confifts of a mixture of dephlogifticated and phlo- 
gifticated air, I found that water imbibes the former in 
preference to the latter, but not wholly unmixed with it. 
Having made 45 ounces of diftilled water free from air, 
I put to it a-| ounce meafures of atmofpherical air, of 
which, by agitation, it imbibed three fourths of a mea- 
fure, when the remaining two ounce meafures were 
found to be of the ftandard of 1.15 inftead of i.oi 

C which 
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■yvhich was the ftandard of the air before the procefs j 
that is, when one meafure of this air was mixed with one 
meafi-ire of nitrous air, it occupied that fpace. When the 
air that had been imbibed was expelled from the water, 
it was of the ftandard of 0.75. Both mixed together 
were exadlly of the ftandard of atmofpherical air. 

I had thought that, though deplogifticated and in- 
flammable air will not unite while they retain their aerial 
form, without a red heat, they might do fo when they 
were both deprived of that form, by being combined with 
water^ and make phlogifticated air ; I therefore made a 
quantity of water deprived of all air imbibe a mixture of 
equal quantities of thofe two kinds of air. But when 
this mixed air vvas expelled from the water, it was fired 
with an explofion, fo that no union had been formed 
between them. I then made a quantity of water imbibe 
the two kinds of air one after the other, but there was 
no difference in the refult. The air that was expelled 
from the water was ftiU fired with one explofion. 

But dephlogifticated and nitrous air, which unite 
without heat in their aerial form, did the fame when they 
were combined with water. Having expelled all its air 
from a large quantity of diftilled water, 1 firfi: made it 
imbibe as much as it could of nitrous air, and after that 
of dephlogifticated air, and obferved that what remained 
of each, not abforbed by the water, was very little 
changed. Then, expeUing the air from the water thus 
doubly impregnated, the firfl; quantity procured was 
dephlogifticated, though not fo pure as before ; the ftan- 
dard of the procefs with two equal quantities of nitrous 
air being 0.6, whereas before it had been 0.2. The 
ftandard of the fecond expulfion of air was 0.4. After- 
wards it was 0.8, then i.o ; and thus it would, no doubt, 
have proceeded, till it had been wholly phlogifticated ; 
but no part of it had the property of nitrous air. This 
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kind of air that had been imbibed mull have united with 
as mi:ch cf the dephlogifticated air contained in the water 
as it could laturate, and thus have formed nitrous acid, 
which remained in the water, while the fuperfluous 
dephlogifticated air had been expelled in theprocefs. 

I then firfi: faturated the water with the dephlogifticated 
air, and after that with the nitrous air, which it imbibed 
very readily ; and expelling the air afterwards, found it 
to be purely nitrous, there having been more nitrous air 
employed at this time than was fufhcient to fiiturate the 
dephlogifticated air. 

Having made the preceding experiments with ivater, 
I wifhed to extend them to other liquid fubft^nces, 
and began wiih/pirh of tvincy which 1 had before found 
to be convertible into inflammable air bv a red heat, and 
alfo by the elettric fpark. I nov\r find that fo great a 
degree of heat is by no means necefiary for this 
purpofc. 

If 1 fill one of the bulbs above mentioned with the 
fpirit, and by means of a column of mercury take off the 
preffiire of the atmofphere, a very great quantity of in- 
fiammable air is immediately difcharged from it, and by 
a repetition of the procefs a imaller quantity never fails to 
be produced, and as far as I fee without limits. 

If in this Hate I expofe the fpirit to a degree of heat 
fufficient to convert it into vapour, a very great pro- 
portion of it is prefently converted into air, and in a few 
minutes the quantity produced will be ten or twenty 
times the bulk of the liquid. This is the cafe repeatedly 
with the fame fpirit, fo that I have no doubt but that, in 
time, the whole of it would be fo converted, juft as- if it 
had been expofed to a red heat in pafFmg in the form of 
vapour though a red hot earthen tube. 

Having expelled a very great quantity of air from one 
of the bulbs filled with fpirit of wine, of the fpecific 

gravity 
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gravity of f)82.^, I expoled it to the atmofpliere, ai'tev 
which it yielded as much as before, viz. about one third 
or one fourth of its bulk, all ftrongly inflammable. I had 
the fame refult in the fubfequent proccfs. After another, 
the air vv^as exploded like a mixture of inflammable and 
atmofpherical air, and the next produce burned with 
a lambent flame. Being then examined, its fpecific 
gravity was 692.4 ; fo that it had acquired fome weight 
by imbibing atmofpherical air. 

Having, in like manner, expelled air which I found 
to be inflammable from a quantity o^ /pint of turpentine^ 
I made it imbibe atmofpherical air, and expelling it again, 
found it to be not inflammable, but phlogifticated. This 
fluid had alfo gained fomething in its fpecific gravity by 
the procefs. 

The only objecftinn that, after giving much atten- 
tion to the fubjed, I think can be made to the con- 
clufion that I firft drew from thefe experiments, viz. 
that air is aftually produced from water, is the very 
fmall quantity that is produced in proportion to the bulk 
of the water, after the air naturally contained in it is 
wholly expelled. But if it fhall appear, after a long 
courfe of time, that this fmall production of air from the 
fame water is confl:ant,'and equable, I do not fee how 
the conclufion, extraordinary as it may be thought, can 
be difputed. This air being wholly phlogifticated is a 
fufiicient proof that the air fo produced is not abforbed 
from the atmofphere in the courfe of the procefs. For 
then it would have been dephlogifl:icated, or at leafl: 
purer than that of the atmofphere, which water always 
feizes upon in preference to that which is impure. 
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